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Anabolic Pathways - Lipid Biosynthesis 
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Biosynthesis of fatty acids 
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Acid Synthesis 
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Cl 6, Cl 8 and of Un- 
saturated Fatty Acids 



• Animals can readily introduce one 
double bond to palmitate and stearate 

• Vertebrates cannot introduce additional 
double bonds between CIO and methyl 
terminal 

• We must obtain linoleate and a- 
linolenate with diet; these are essential 
fatty acids 

• Plants, algae, and some insects 
synthesize linoleate from oleate 
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♦ Oleic and Linoleic 
Acids are 
essential Fatty 
acids for 
mammals 
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Vertebrate Fatty Acyl Desaturase 



♦ Non-Heme Iron - Mixed Function Oxidase 

♦ 0 2 accepts four electrons from two substrates 

♦ Two electrons come from saturated fatty acid 

♦ Two electrons come from ferrous state of Cytochrome b5 
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Biosynthesis of Ceramide 
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Glycolipid synthesis 

♦ Synthesis of glycosphingolipids takes place in the ER 
and Golgi by the sequential addition of sugars by specific 
glycosyltransferases 

♦ The sugars are activated: UDP-Glu, UDP-Gal, CMP-NANA 

♦ Sulfate groups are added last by a sulfotransferase using 
PAPS (3'-phosphoadenosine-5'-phosphosulfate) 




S'-Phosphoadenosine-S’-phosphosulfate 
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Frequent horizontal transfers in the evolution of isoprenoid biosynthesis. 
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Archaeal lipids 
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Figure 1 | Phospholipid biosynthesis pathways in archaea, bacteria 
and eukaryotes. Phospholipid components and the enzymes that synthe- 
size them are different in modern archaea versus modern bacteria and 
eukaryotes. For some steps in the pathways, there is phyLogenomic evi- 
dence either supporting the hypothesis that homologous enzymes carried 
out a particular step in the cen ancestor {universal proteins or pathways) or 
indicating that the presence of the relevant enzymes in the cenancestor 
cannot be excLuded (probably universal proteins or pathways). Cytidine 
diphosphate-alcohol archaetidyltransferase (CDP-AAT) and CDP-alcohol 



phosphatidy [transferase (CDP-APT) are homologous in the two pathways. 
Polar head radicals can be serine, ethanoLamine or glycerol, among others. 
A question mark indicates that information is unknown. CDP-DG, CDP- 
diacylglycerol synthase; CTP r cytidine triphosphate; DGGGPS, digera- 
nylgeranylglyceryL phosphate synthase; DHAP, dihydroxyacetone 
phosphate; GlP f sn-g lyce rol- 1 - p h os p h a te ; G1PDH, GlP dehydrogenase; 
G3R sn-glyceroL-3-phosphate; G3 PD H f G3P dehydrogenase; GAT, GlP acyl- 
transferase; GGGP5 f g era nylgerany [glyceryl phosphate synthase; FAS, fatty 
acid synthesis; MVA, mevalonate. 
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Phospholipids are distributed asymmetrically 

in the plasma membrane 



|j Phosphatidylcholine 

,ii Phosphatidylserine, 

ijj Phosphatidylethanolamine 
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Glycolipid 
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The Chemical Composition of Membranes (plasma 
membrane of human erythrocytes) 



The Asymmetry of Membrane 
Lipids 

- 1. Inner and outer membrane 
leaflets of various membranous 
structures, of particular 
significance in the plasma 
membrane, have different lipid 
compositions. 

- 2. Provides different physico- 
chemical properties appropriate 
for different interactions 

- 3. Membrane lipids move easily 
within a leaflet but, with the 
exception of cholesterol, 
only rarely "flip-flop" 




Fig. 4.10 The asymmetric distribution of phospholipids (and cholesterol) in the plasma membrane 
of human erythrocytes) (SM, sphingomyelin, PC, phosphatidylcholine, PS, phosphatidylserine, PE, 

phosphatidylethanolamine, PI, Phosphatidylinositol, Cl, cholesterol) 






Possible movements of phospholipids in a membrane 
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Whereas phospholipids 
move from one leaflet to 
another (flip-flop) at a very 
slow rate (except when 
there is new synthesis, e.g. 
flippase), phospholipids 
diffuse laterally within 
leaflet rapidly. 
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Membrane proteins 

may be classified as: 

♦ peripheral 

♦ having a lipid 
anchor 

integral 




Peripheral proteins are on the membrane surface. 

They are water-soluble, with mostly hydrophilic surfaces. 

Often peripheral proteins can be dislodged by conditions that disrupt ionic 
& H-bond interactions, e.g., extraction with solutions containing high 
concentrations of salts, change of pH, and/or chelators that bind divalent 
cations. 
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A protein may link to the cytosolic 
surface of the plasma membrane via a 
covalently attached fatty acid (e.g., 
palmitate or myristate) or 

an isoprenoid group. 

Palmitate is usually attached via an ester 
linkage to the thiol of a cysteine residue. 

A protein may be released from plasma 
membrane to cytosol via 
depalmitoylation, hydrolysis of the ester 
link. 




Prenylated Proteins 
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An isoprenoid such as a farnesyl residue, is attached 
to some proteins via a thioether linkage to a cysteine 
thiol. 
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Integral proteins have domains that extend into the 
hydrocarbon core of the membrane. 

Often they span the bilayer. 

Intramembrane domains have largely hydrophobic 
surfaces, that interact with membrane lipids. 
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Fatty acid chains 



Transmembrane 

protein 



Polar head groups 



Simulation of a fully hydrated, fluid bilayer composed of Phosphatidylcholine 
Penetrated by a single transmembrane helix. 




Lipid rafts 



Membrane microdomains 
enriched in glycolipids and 
cholesterol 

♦ Function by segregation: 
some proteins are enriched 
in rafts, others are excluded 

♦ Participate in TGN-to-PM 
trafficking of apically- 
destined proteins 

♦ Function at the PM in 
endocytosis and in 
organizing cell signaling 
pathways 

♦ Controversial model 




Simons and Ikonen (1997) Nature 387:569 







Lipid Rafts - Left side artificial membrane with rafts and right side is 
a schematic model of a lipid raft within a cells. 

Proteins involved in cell signaling often associate with lipid raft 
domains 
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“Cyclic” synthesis from arachidonate to 

prostaglandins 



The free arachidonic acid is 
oxidized and cyclized in the ER 
by endoperoxide synthase 
(PGH 2 synthase) 

♦ This enzyme has two activities 
- cyclooxygenase (COX) and 
peroxidase 

♦ Initially yields PGH 2 

♦ Subsequent steps lead to 
thromboxane A 2 and various 
prostaglandins 
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Biosynthesis 
of Amino 
Acids 
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Anabolic Pathways - Amino Acid Biosynthesis 
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COOH 
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COOH 
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COOH 



Glutamic 

acid 



Oxaloacetic 

acid 



a-Ketoglutaric 

acid 



COOH 
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CH, 
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H — C — NH 2 

COOH 

Aspartic 

acid 






Oxaloacetic 
acid from 
Krebs cycle 
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Transamination 







npefluiecTBeHHMK -> 



AMMHOKMC/lOTbl - npOflyKTbl 



rikipyBaT 


1) A/iaHMH 

2) Ba/iMH 

3) JleMUMH 


OKca^oaueTaT 


1) AcnapTaT+ Acnaparmn 

2) /1M3MH 

3) Mepe3 rOMOCepMH MeTMOHMH M TpeOHMH 

4) 1/13 TpeOHMHa ■3M30/ieMI4MH 


Ajib<£a-OKConnyTapaT 


1) r^yTaMaT+ myTaMi/iH 

2) Apri/iHi/iH 

3) ripojii/iH 


3-<£occt>orjii/iuepaT 


CepMH, r/lMUMH, UMCTeMH 


OEn+ 3pnTpo30-4- 
ct>occ|DaT 


Oem/ma/iam/m, tmpo3mh, TpnnTOc|DaH 


5 c)docc|dopm6o3m/i- 
n m poc|DOCc|DaT+ ATO 


TMCTHflUH 




Cysteine biosynthesis from 
in bacteria and plants : 

• Serine acetyltransferase 

• Acetylserine sulfhydrolase 
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HjN — CH 
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OH 

Serine 
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Serine 

aoeivlininsl'erase 



^ Acetyl Co A 
HS-CoA 
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COO 

© 

H t N — CH 



H,C O 




O— JC — CH, 
O-Acetvlserine 



O- Acetylserine 
sulfhydrylase 
(PIP) 



S 
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^ * Acetate 



COO 

0 

H,N — CH 
CH 2 

0 

Cysteine 
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Cysteine biosynthesis in mammals 
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Cystathionine 
p- synthase 
(PLP) 
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H 3 N — CH 



CH 
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COO 



Homocysteine 
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CH 



CH 2 

I © 

HC — NH, 

coo 0 

Cystathionine 



COO 
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Cystathionine 

y-lyase 
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SH 
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CH, 
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COO' 
Ot-Ketobutyrate 




• Compounds 
formed 
from serine 
and glycine 



Phosphatidylcholines 



Sphingolipids 



Phosphatklylethanolamines 



Sph 



inganine 



Phosphai idyl serines 



Serine 



Deoxythymidylate 



Methyl- 
tctrahydrofolate 



Methionine 



Tetrahydrofolate 

Methylene- 

tetrahydrofolate 



Purines 



J 
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Bile salts 



Porphobilinogen 



Cysteine 



Glutathione 



Glyoxylate 



Creatine phosphate 



Porphyrins 




Chlorophyll 



I lemc 



Cobalamin 




'he Aromatic Amino Acids 



• Shikimate and chorismate are key intermediates 



COO 0 

I _© 

C — OPO,^ 

II 

ch 2 

Fhosphoenol py ru vate 

4 reactions 



O v H 

\ / 

C 



H — C — OH 



H — C — OH 

CH.OPo/ 0 
Erythrose 4- phosphate 



COO 
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3 reactions 



OH 



COO 0 




OH 



Chorismate 
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(Tryptophan 

biosynthesis) 



coo' } 




OH 

Choiismatc 
Ctiorisirulu muLase 




C0 2> 0H e 




Prephenate 

dehydratase 



Phenylpyruvatc 



Ol ii tamale 




a-Ketoglutarate 
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"'AA© 



Prephenate 






©NHj 

CH,— CH — COO 



© 




Phenylalanine 



(Tyrosine 

biosynthesis) 

Biosynthesis 
of Phe 
and Tyr from 
chorismate 
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Tryptophan biosynthesis (last 2 steps) 




OH OH 




CH — CH — ChLOPCK 
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indole glycerol phosphate 



Glyceraldehyde 

3-phosphate 
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Try pH fill ;□] 
gyiyha.se 

m 



© 



N H 



HOC H 2 — CH — COO° 
Serine 




HtO 

l }, 

liyplophaii 

HJlt|hiL% 

' (p> 

fPLP) 




Tryptophan 



(last 2 steps) 
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OH 

Prephenate 



Tyrosine 

biosynthesis 



NADH 
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NAD® CO, 

— L JJ . — » 
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dehydrogenase 



CH,— C— COO' ' 




OH 



4 - H y dro x v ph en y \ py ru v ate 
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Glutamate 

a-Ketoglutarate 







Tyrosine 




Tyrosine 
synthesis 
from Phe 
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(continued 



coo° 

© 



h 3 n - c -h 

ch 2 




Tyrosine 



Phenylalanine 

hydroxylase 





(continued to Tyr) 
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CH — CH — CH 3 



OH OH 

5 ,6 ,7,8 -Telrahydrobi oplcri n 
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CH— CH — CH 3 
OH OH 
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Dihydrobmplerin 
(Quinonoid form) 
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OH OH 

rx-D- Phosphoribosyl pyrophosphate 
(PRPP) 



^^Ribose 




Ph osph on bosy I - AT P 



3 reactions 



(next slide) 
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HC NH 3 
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Histidine 
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Ribose P 
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5 reactions 



Ami noimidazole carboxamide 
ribonucleotide 



H 



OH 



CH 2 0P0 3 
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Imidazole glycerol 
phosphate 



purines 




